The deuterium concentration profile in a first-year Antarctic sea-ice cover is used to deduce a growth-rate curve, applying a previously published model. Time variations of the conductive heat flux throughout the growth period are then estimated from this growth-rate curve. Results indicate that the isotopic determination of sea ice growth rate can be considered as an alternate method for determining the conductive heat flux th rough a young sea-ice cover. However, there is need for a further test of the method by measuring in situ temperatures and growth rates during the formation of fi rst-year sea ice, and by ana lyzing the isotopic composition of ice samples taken simultaneously along selected profiles .during the growth period.
INTRODUCTION
Deuterium concentration in sea ice is dependent on the freezing rate. Distribution of a heavy isotope species in ice during water freezing is related to its distribution in the sea water immediately adjacent to the freezing front. A boundary layer where mass transport is taking place only by diffusion exists at the interface. Taking this into account in a box diffusion model, Souchez and others (1987) were able to predict the isotopic distribution in the ice in the course of freezing for a given freezing rate. In a later paper (Souchez and others, 1988) , this model was used to determine first-year Antarctic sea-ice growth rates by considering a water reservoir where the deuterium concentration is kept constant by convective mixing at its initial value during progressive freezing. If the evolution of the sea-ice cover is the result of thermodynamic processes rather than dynamic ones, the growth rates deduced from the isotopic profile can be used for estimating the time variations of the conductive heat flux through the ice.
HDO concentrations will be denoted hereafter in 5 units versus VSMOW (Vienna Standard Mean Ocean Water). They are expressed in per mil for 60, i.e.:
where Rumple and RYSMOW are the isotopic ratios of the sample and of the VSMOW, respectively. The samples were analyzed at the Centre d'Etudes Nucleaires de Saclay, France. The accuracy of the measurements is 0.5s£" on 50.
CORE LOCATION AND STRA TIGRAPHY
First-year sea ice was sampled in Breid Bay during December 1986. Breid Bay is located on Prinsesse Ragnhild Kyst in East Antarctica. It is surrou nded by floating glacier ice and can be considered as a ba)' in an ice shelf. Location of the sampling site is 70 13' Sand 23 0 47' E. Breid Bay was free of ice at the end of the summer preceding the sampling season. Therefore the sea-ice cover studied is first-year sea ice. It was a continuo us flat cover at the time of sampling, with about 0.40 m of blown snow on top of the ice sequence. This snow is considered to be a late addition. No sign of rafting and ridgi ng was detected. However, the development of a certain amount of rafting is a poss ibility during the formation of the initial, discontinuous ice cover.
The ice core analyzed here is 1.64 m long . Because of the 0.40 m of dr y snow over it, sea water was reached at a depth of 2.04 m. The uppermost 0.32 m of the core consists of bubbly, fine-grained, equigranular ice which could be associated with the "pancake cycle" studied by Lange and others ( 1989) during the first stage of sea-ice formation in open water conditions. The deuterium concentration in this ice rules out formation by infiltration of snow cover, as indicated by Souchez and others (1988) . Below 0.32 m, interbedded frazil and congelation ice layers occur with the latter more frequent in the second part of the core (Fig. I) .
The limits between the textural units are parallel to each other, sub-horizontal, with clear contacts. No voids or mylonitization zones have been observed . Tison and Haren ( 1989 ) have developed arguments indicating that, in this case, dynamic effects cannot explain the interbedding of frazil and congelation ice.
ISOTOPES AND GROWTH RATES
Iso topic determination of sea-ice growth rates is likely to be more accurate than determination based on the sa linit y profi le, since it is less affected by brine entrapment and brine drainage mec hanisms.
The gas content of sea ice appears to be very limited in the main part of the core since, below 0.32 m, only a few bubbles are visible in thin sections. Neglecting this gas content, the relative brine volume can be calculated from the equations given in Cox and Weeks (1983) . Using the Na co ntent of the ice -dete rmined by atomic abso rption spec trophotometry -and the relative concentration of Na in sea water, the highest global salinity of congelation ice in the core can be estimated to be 1.8S£-o. The ice density is calculated at the 1.8S£-o salinity level and then the relative brine volume. The value obtained for this volume at -2°C is 4.3%. The isotopic composition of brine water can be considered as identical to that of sea water. Knowing the oD of sea water at the site (-4 .8~) and the measured oD value of the congelation ice layer with the highest salinity ( 11 .8~), the 5jD value of the ice itself, excluding the brines, can be calculated:
This gives 5jD = 12.55~ instead of the measured value of 11.8~.
The difference of 0.75~ is very close to the accuracy of the mass spectrometer measurements (0.5S£-o in 50). Brine movement due to gravity drainage and / or brine expulsion is unlikely to modify the isotopic composition of brine water. Furthermore, gravity drainage is considered to become negligible for a relative brine volume lower than 5% (Weeks and Ackley, 1986) .
Rate of migration of the freezing front in sea water ca n be deduced from the 5D profile shown in Figure I . The trend of increased 50 values in congelation ice downwards along the core represents the general decrease in growth rates with depth . The highest 50 value obtained in the bottom of the core, if compared to sea water underneath , corresponds closely to the maximum shift due to fractionation betwee n water and ice. If the equilibrium fractionation coefficient for deuterium is taken as 1.0208 (Arnason, 1969) , the obse rved shift of 20 . 7~ is only 0.1 S£-o apart from the maximum possible theoretical value. This indicates not only a very low freezing rate but also that no subsequent melting occurred at the bottom of the core.
The 5D values in interbedded frazil layers do not deviate significantly from the trend given by the oD values in con ge lation ice laye rs. This can be explained if frazil layers are produced by a thermohaline convection process since, in this case , frazil growth is largely determined by the same factors as those governing the development of con gelation ice (Tison and Haren, 1989) .
A growth curve for the sea-ice cover is displayed in Figure 2 , usi ng the isotopic profile in the box diffusion model of Souchez and others (1987) . This curve gives the growth rate versus depth. 
CONDUCTIVE HEAT FLUX ESTIMATED FROM THE ISOTOPIC PROFILE
Seve ral thermodynamic models have been proposed to describe the evolution of first-year sea ice, for example, Maykut (1978) , Allison (1979) , Nakawo and Sinha (1981) , and Maykut (1986) . In all of them, ice growth or ablation at the bottom of the ice cover is controlled by:
where F c is the heat flux through the ice cover (conductive heat flux); F w is the heat flux from the ocean to the bottom of the ice cover (oceanic heat flux); H is the thickness of the ice; ki is the thermal conductivity of sea ice (2.1 W m -1 deg -1 ) ; To is the temperature at the surface of the ice cover; T F is the freezing point of sea water (-1.9°C); Pi is the density of sea ice (900 kg m-S); L is the latent heat of fusion (2.93 x 10 5 J K -1); and I is the time. F c > F w implies growing ice at the bottom releasing the required latent heat. Since the growth rate (b.H / f'J) at a given depth (H) is known from the 50 profile in the Breid Bay core, the heat flux related to ice growth can be calculated from the right term of Equation (I). It is shown, in W m-2 , as a function of ic e thickness in Figure 2 . This heat flux can be co nsid ered as equivalent to the conductive heat flux through the ice if, following Nakawo and Sinha (1981) , it is assumed that the oceanic heat flux is negligible (F w « F c).
Allison (I 981) inferred F w values beneath seasonal ice near Molodezhnaya in East Antarctica (67 ° 40' S, 45 °51 , E) of 50 W m -2 during the first days of freezing, dropping to IOW m -2 after that period. These values are modest if co mpared to the calculated values plotted in Figure 2 . Nevertheless, the latter values will have to be considered as minimum estimates of the conductive heat flux.
A marked shift is clearly visible between the heat flux values of the uppermost 0.32 m of the core (250-350 W m 2 ) and those in the main part «140 W m-2 ). The shift co rresponds to a sharp structural discontinuity associated with the transition from the "pancake cycle" to a continuous ice cover. As the "pancake cycle" is believed to develop by repeated rafting of ice covers a few cm thick (Lange and others, 1989) , the flux should be quite constant and in accordance with that estimated in near-open-water conditions . Table 5 .6, in Maykut (1986) gives calculated conductive heat flux in the central Arctic for various ice thickness categories. A value of 300-350 W m-2 is in the range for a 0.05--0.10 m ice thickness, in the beginning of the winter season.
The conductive heat flux subsequently decreases as the ice cover increases in thickness; small-scale fluctuations indicate that congelation ice layers are generally associated with slightly lower flux values. This flux across the ice cover implies a temperature difference between the freezing point of sea water at the bottom and a lower temperature of the ice surface which can be estimated from Equation (I). Figure 3 gives deduced surface temperatures versus sea water-ice interface positions for the whole profile below 0.32 m. The curve has been smoothed to damp highfrequency temperature fluctuations.
It shows a nearly constant minimum value of temperature between 0.80 and 1.10 m depth. The conductive heat flux at these depths fluctuates between 97 .8 and 58.6 W m-2 , with a mean value of 76 .8 W m-2 • Table 5 .6 in Maykut (1986) shows a value of 75 W m-2 for an ice thickness of 0.8 m during the coldest month of the winter season in the central Arctic when surface temperatures are very similar to the ones recorded at the now-disappeared Roi Baudouin Station, close 272 to Breid Bay (Meerburg, fairly wel!. CONCLUSION 1968) .
The two values agree Results indicate that the isotopic method can be a valuable approach to conductive heat flux studies. However, this study must be exposed to further critical tests. In-situ growth rate measurements, ice, air, and water temperature recordings and snow cover thickness determinations must be carried out during the period of formation of a young seaice cover. Simultaneously ice and water must be sampled underneath for their isotopic composition and salinity. Such a study would allow us to estimate the potential of the isotopic method.
